Agreement was sought among six indicators used to classify youth as obese in 625 white youth, aged 12.0 ± 18.0 y, who participated in the Third National Health and Nutrition Examination Survey. Indicators included body mass index (BMI), triceps and subscapular skinfolds, the sum of four skinfolds, waist circumference and percentage body fat determined by bioelectric impedance analysis (BIA). The fattest youth in each age and gender group were considered those b 80th centile for the indicator. Agreement was determined by kappa coef®cients, which provide the chanceadjusted proportion of agreement in the upper quintiles to identify the same youth as the fattest. Kappas among indicators range from 0.57 ± 0.85 for males and from 0.56 ± 0.79 for females. Categorical agreement with the fattest youth by percentage body fat, changes considerably with age for most indicators, suggesting that relationships among indicators change during adolescence. Different indicators may identify different subpopulations as the fattest, arguing for caution in use and interpretation of results from different indicators, and in favour of standardized de®nitions for obesity in youth.
Introduction
A wide range of anthropometric and body composition indicators are used to identify obese adolescents. Often, anthropometric indicators are relied upon, because they are non-invasive and economical, and because they have been shown to be reliable and valid indicators of total body fat. 1, 2 Usually, the choice of speci®c indicators has been a matter of convenience, because it has been tacitly assumed that all indicators perform equally well in identifying the obese. Intercorrelations among continuously distributed anthropometric indicators of obesity in youth are fairly high. 3 Nevertheless, different anthropometric indicators of obesity provide substantially different prevalences of obesity in youth. 4, 5 Furthermore, conventional cut-offs for anthropometric indicators differ considerably in their sensitivities and speci®-cities in identifying those considered truly obese. 1, 5 This type of categorical analyses and identi®cation of obesity is important because decisions regarding intervention, follow-up and policy, require a dichotomous level of yesano classi®cation.
Some of the observed differences among anthropometric indicators in identifying the obese result from using different cut-off points, because there is no widely acceptable de®nition of obesity in youth. 6 An important unanswered question is whether the same cut-off points in the distributions of anthropometric indicators identify the same individuals as the fattest. To the degree that there is disagreement among indicators classifying youth as obese, those classi®ed as obese using different indicators may be different sub-populations of individuals, with different health risks or levels of total body fatness.
The present research reports the agreement among commonly used anthropometric indicators of obesity for white US youth, who participated in the Third National Health and Nutrition Examination Survey (NHANES III). 7 Agreement by the indicators in identifying the fattest youth is evaluated relative to percentage body fat determined by bioelectric impedance analysis (BIA).
Methods
The sample comprises all white youth aged 12.0 ± 18.0 y, who had complete data for the variables investigated. Analyses of the 300 males and 325 females were conducted without weighting individual values to estimate the national population, because of the small sample sizes within age and gender groups. Age, stature, weight, waist circumference, skinfold thicknesses and bioelectrical impedance were measured as described elsewhere. 7 The body mass index (BMI) was computed as weight (kg)astature (m) 2 . The sum of skinfolds included thicknesses measured at four sites: triceps, subscapular, thigh and suprailiac. Percentage of body fat (%BF) was estimated from weight and the equation of Houtkooper et al 8 for age (and hydration) corrected fat-free body (FFB) of white youth:
The fattest youth were considered those in the upper quintile ( b 80th centile) of each fatness indicator, calculated within gender-speci®c, whole-year age groups (12 y 12.00 ± 12.99). Agreement among upper quintiles of the indicators, was evaluated using the kappa statistic of Cohen. 9 This statistic provides an estimate of the proportion of agreement, corrected for that which occurs by chance alone. Differences between kappa coef®cients were tested following Fleiss.
10 Kappa statistics calculated within wholeyear age groups, were smoothed across the ages using`4253H, twice,' a compound, nonlinear smoothing algorithm. 11, 12 The smoothing was done to facilitate evaluation of age patterns in the agreement of anthropometric indicators with % BF.
Results
The median values and cut-offs for upper quintiles for % BF and the anthropometric indicators are presented in Table 1 . Anticipated age-and gender-related differences in the indicators are present. There are currently no national reference data for %BF, but the upper quintile cut-offs for BMI exceed the 85th centile from NHANES I reference data 13 at all but three ages.
The kappa coef®cients among individuals categorized as the fattest, according to the upper quintiles of the indicators, are presented for males and females in Table 2 . All of the kappa coef®cients indicate signi®cantly greater agreement than chance (kappaT 0). Chance-adjusted agreement with the upper quintile of %BF, in males, ranges from 0.57 for BMI to 0.78 for the sum of skinfolds. In females, corresponding agreement with classi®cation by the upper quintile of % BF ranges from 0.58 for waist circumference to 0.7 for BMI. Where there are signi®cant differences between genders in corresponding pairs of indicators, the coef®cients for males exceed those for females, except for BMI.
Although these levels of agreement indicate substantial agreement with classi®cations using %BF, they also indicate appreciable misclassi®cation. For example, the upper quintile of BMI in males only identi®es a little more than half of the same individuals as the fattest (0.58) that are considered as such using %BF and after adjusting for chance agreement.
Agreement among the anthropometric indicators other than percentage body fat, range from 0.065 ± 0.85 in males and 0.050 ± 0.79 in females. The high agreement of upper quintiles of triceps and the sum of skinfolds in fattest males (0.85) is not surprising, given triceps contributes to the sum of skinfolds. More striking is the low agreement between upper quintiles of waist circumference and triceps skinfold thickness in females, where only half of the same individuals are identi®ed as fattest, after adjusting for chance agreement.
The smoothed, age-related patterns in agreement of the classi®cations by anthropometric indicators with those from %BF are presented in Figure 1 and Figure 2 for males and females, respectively.
For both genders, the summary kappa coef®cients (Table 2 ) belie marked age patterns for some indicators. In general, BMI does not do as well as identifying the fattest males as the other indicators, and the age pattern suggests increasing misclassi®cation of obesity by BMI as one moves away from the ages including the adolescent growth spurt. From the ages of 12 ± 18 y, subscapular skinfold thickness or the sum of four skinfolds, consistently do the best at correctly identifying the fattest males, and triceps skinfold performs equally well after the age of 14 y.
In females, the age-related pattern in agreement between those in the upper quintiles of BMI and %BF, increases sharply from very low levels of 12 y (0.38) 
Discussion
Cut-offs corresponding to the age-and gender-speci®c 80th centiles of six measures of fatness, are less than perfect at identifying the same individuals as the fattest, and age-related patterns in agreement with %BF are marked for most of the indicators. Comparison of the present results for adolescents, with similar analysis in adults, yields few consistent patterns among indicators, 14 although the levels of agreement among similar indicators are generally higher in adolescents. This suggests that associations among indicators change further during the adult years.
Total body fat was estimated using prediction equations based on stature, weight and parameters from BIA. 8 These equations were selected, because they were carefully developed and cross-validated for white US children from three research centers, they used age-speci®c hydration constants, appropriate for adolescents, 15 and the chief predictors were measured independent of fatness and circumference measures. The choice of equations did limit the anlayses to white children and it is unknown whether agreement among indicators of obesity differ for youth from other ethnic or racial groups.
To the degree that different indicators of obesity identify different adolescents as obese, estimates of concurrent or subsequent health risks may be biased according to which indicators were used to de®ne obesity, in which gender they were used and at which age assessments were made. This variability among indicators argues strongly for establishing uniformly accepted criteria for obesity in adolescents.
Although BMI has been recommended for routine screening of obesity in youth, 6 it performed the least well of the indicators considered for males, in categorically classifying individuals as the fattest based on %BF. Upper quintiles of BMI in females had high agreement with those of % BF except at the ages of 12 y and 13 y.
Waist circumference was included because it has been suggested as an obesity-related indicator of future atherogenic disease. 16 In males, upper quintiles of waist circumference identi®ed the fattest individuals better than BMI, but did not do as well as skinfold thicknesses. Agreement between upper quintiles of waist circumference and % BF in females were moderate until the age of 16 y but then fell sharply thereafter, so the overall kappa between waist circumference and %BF was the lowest of the indicators considered (0.58). 
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The kappa coef®cients presented describe the chance-adjusted agreement in identifying the same individuals as the fattest. The same cut-off ( b 80th centile) was used for each gender, age and indicator so multiple indicators could be compared, holding constant any variation in cut-off de®nition. If other cutoffs in the same indicator were used, for example, 95th centile of BMI, the exact values of kappa would change accordingly. As cut-offs for indicators become more restrictive toward the tails of the distributions, agreement with other indicators of obesity would, generally, be expected to increase. 14 This is similar to the effects of altering cut-offs in medical screening. 17 
Conclusion
Often, the choice of anthropometric indicators is a matter of convenience rather than science. Certainly there are important theoretical, logistic and practical issues that argue in favor or against using particular indicators. 18 Nevertheless, indicators should be chosen with a speci®c purpose in mind, with the knowledge that they are not the same in identifying the fattest youth and that they may have differential associations with other risk factors. Research reports should carefully describe measurements and cut-offs used to classify individuals as obese and standardized criteria should be developed.
